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(54) FORMATION METHOD OF METAL WIRING AND METAL WIRING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent undercut from 
easily occurring in metal wiring, and to achieve 
microminiaturization even if a power-feeding film is 
overetched by using a reactive ion etching that is dry 
etching for eliminating the unnecessary part of the 
power-feeding film. 

SOLUTION: First, the sputtering method or the like is 
used for forming a power-feeding film 2 consisting of a 
W thin film on an aluminum substrate 1. Then, the 
substrate 1 is dipped in an Ni plating bath, the power- 
feeding film 2 is energized, and an adhesive layer 4 
consisting of an Ni thin film is formed at an opening part 
6 of a resist pattern 3. Successively, the substrate 1 is 
immersed in an Au plating bath, the power-feeding film 2 
is energized, and an electroplating layer 5 made of Au is 
deposited at the opening part 6 of the resist pattern 3. 
The substrate 1 is dipped in resist release liquid, and the 
resist pattern 3 is removed for washing by demineralized 
water for drying. Finally, the reactive ion etching device 
of a parallel flat plate is used, the electroplating layer 5 made of Au is used as mask, and CF 4 
plasma is used for etching the unnecessary part of the power-feeding film 2 for removing, thus 
completing metal wiring with the lamination structure of Au/Ni/W. 
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CLAIMS 



[Claim(s)] 

[Claim 1]A formation method of metallic wiring characterized by comprising the following. 
A process of forming a power feeding film for electrolytic plating on a substrate. 
A process of forming a resist pattern on a power feeding film. 

A process of forming an adhesion layer which improves the adhesion of an electrolytic plating 
layer formed on a power feeding film and a power feeding film to an opening of a resist pattern. 
A process of forming an electrolytic plating layer in an opening of a resist pattern by an 
electrolytic plating method, a process of removing a resist pattern, and a process of removing a 
garbage of a power feeding film by dry etching. 

[Claim 2]A formation method of the metallic wiring according to claim 1, wherein said dry etching 
is reactive ion etching. 

[Claim 3]A formation method of the metallic wiring according to claim 1 or 2, wherein said power 
feeding film consists of material in which reactive ion etching is possible. 
[Claim 4]A formation method of metallic wiring given in claims 1 thru/or 3, wherein said power 
feeding film uses one sort or two sorts or more of simple substances, or these alloys as the main 
ingredients among Mo, W, and Pt. 

[Claim 5]A formation method of metallic wiring given in claims 1 thru/or 4 forming said adhesion 
layer by an electrolytic plating method. 

[Claim 6]Metallic wiring, wherein said power feeding film uses one sort or two sorts or more of 
simple substances, or these alloys as the main ingredients among Mo, W, and Pt in metallic wiring 
characterized by comprising the following. 

A power feeding film which consists of material which was formed on a substrate, and in which 
reactive ion etching is possible. 

A power feeding film formed between an electrolytic plating layer formed on a power feeding film, 
and a power feeding film and an electrolytic plating layer, and an adhesion layer which improves 
the adhesion of an electrolytic plating layer. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the formation method of the detailed metallic 
wiring using an electrolytic decomposition process in detail about the formation method of the 
metallic wiring used for an integrated circuit, a semiconductor device, a high frequency device, a 
wiring board, etc. 
[0002] 

[Description of the Prior Art]minuteness making much more also to the metallic wiring used for 
these electronic parts as the expectation for highly-efficient-izing and high integration to 
electronic parts, such as a semiconductor device and a high frequency device, grows in recent 
years — ** ** — it is becoming like. 

[0003]The semiadditive process was mainly used for the formation method of the metallic wiring 
by the conventional electrolytic plating method. The formation method of the metallic wiring 
using a semiadditive process is explained using drawin g 2 (a) - (e). Drawin g 2 (a) - (e) is section 
process drawing showing the formation method of the metallic wiring which used the 
semiadditive process. 

[0004]First, the power feeding film 12 for electrolytic plating is formed in the whole substrate 1 1 
top surface (drawing 2 (a)). When the two-layer film which has a laminated structure of Cu/Ti as 
a power feeding film in performing electrolysis Cu plating behind performs electrolysis Au plating, 
generally the two-layer film which has a laminated structure of Pd/Ti is used. Next, it energizes 
to the power feeding film 12 after forming the resist pattern 13 for electrolytic plating on the 
power feeding film 12 (dr awing 2 (b)), and the electrolytic plating layer 15 is selectively formed in 
the opening 16 of the resist pattern 13 ( drawing 2 (c)). Then, the resist pattern 13 is removed 
(drawing 2 (d)), and etching removal of the garbage of the power feeding film 12 is carried out 
(drawing 2 (e)). Wet etching is used for etching of the power feeding film 12. If it is considered as 
an etching reagent, fluoric acid is used for removal of Ti and, generally the mixed liquor of nitric 
acid and chloride is used for removal of Cu for the mixed liquor of acetic acid and hydrogen 
peroxide solution at removal of Pd. 
[0005] 

[Problem(s) to be Solved by the Invention]However, there were the following problems in the 
formation method of the conventional metallic wiring using a semiadditive process. That is, in the 
formation method of the conventional metallic wiring, in order to use wet etching for the etching 
removal of a power feeding film, as shown in drawing 2 (e), ANDAKATTO arose in metallic wiring 
by the over etching of the power feeding film, and the limit had produced in minuteness making. 
Specifically, the line/space of metallic wiring of the limit of minuteness making were about 10 
micrometers. However, in order to correspond to highly-efficient-izing and high integration of 
electronic parts, the further minuteness making of metallic wiring is needed. 
[0006]The formation method of the metallic wiring of this invention is made in view of an above- 
mentioned problem, These problems are solved, and even if it performs over etching of a power 
feeding film, it aims at providing the formation method of metallic wiring and metallic wiring by 
the electrolytic plating method in which minuteness making is possible that it is hard to produce 



ANDAKATTO to metallic wiring. 
[0007] 

[Means for Solving the Problem]in order to attain the above-mentioned purpose, this invention is 
characterized by a formation method of metallic wiring which can be boiled and set comprising 
the following. 

A process of forming a power feeding film for electrolytic plating on a substrate. 
A process of forming a resist pattern on a power feeding film. 

A process of forming an adhesion layer which improves adhesion with an electrolytic plating layer 
formed on a power feeding film and a power feeding film to an opening of a resist pattern. 
A process of forming an electrolytic plating layer by an electrolytic plating method on a power 
feeding film of an opening of a resist pattern, a process of removing a resist pattern, and a 
process of removing a garbage of a power feeding film by dry etching. 
As for the above-mentioned dry etching, it is desirable that it is reactive ion etching. 
[0008]Thus, in this invention, reactive ion etching which is one of the dry etching is used instead 
of removing a garbage of a power feeding film by wet etching in a formation method of metallic 
wiring using the conventional semiadditive process. Even if it performs over etching of a power 
feeding film like [ since anisotropic etching is possible for reactive ion etching / in a case of 
performing wet etching ], it is hard to produce ANDAKATTO in metallic wiring. It can be said that 
it is very suitable for formation of detailed metallic wiring made into the purpose of this invention 
since detailed etching processing is possible for reactive ion etching. 

[0009]What consists of material in which reactive ion etching is possible is used for said power 
feeding film. It is because etching removal of the garbage of a power feeding film needs to be 
carried out by reactive ion etching in a final process. 

[0010]It is desirable to use for said power feeding film material which uses one sort or two sorts 
or more of simple substances or these alloys as the main ingredients among Mo, W, and Pt. As a 
material of a power feeding film in which etching removal is possible, aluminum, Ta, Mo, W, Pt, 
etc. can be considered by reactive ion etching. However, since aluminum and Ta form a passive 
state in the surface, they cannot deposit an electrolytic plating layer on it, and they do not 
function as a power feeding film. On the other hand, Mo, W, and Pt can deposit an electrolytic 
plating layer barely, although adhesion with an electrolytic plating layer is bad. So, in this 
invention, an electrolytic plating layer can be stably deposited on a power feeding film by 
supposing that Mo, W, and Pt are used as a power feeding film material, and adhesion with a 
power feeding film forming a good metal layer on a power feeding film first, and forming an 
electrolytic plating layer on it. That is, an adhesion layer which consists of a metaled layer is 
formed between a power feeding film and an electrolytic plating layer, and the adhesion of a 
power feeding film and an electrolytic plating layer is improved. 

[001 1]In this invention, an adhesion layer is not formed all over a power feeding film top, but it 
forms only in an opening of a resist pattern. When an adhesion layer is formed all over a power 
feeding film top, before etching a garbage of a power feeding film, it is necessary to etch an 
adhesion layer on it. However, in this invention, since an adhesion layer is selectively formed only 
in the lower part of an electrolytic plating layer, a garbage of a power feeding film which should 
be etched after removal of a resist pattern will be exposed, it is not necessary to etch an 
adhesion layer and a process becomes easy. In order to form an adhesion layer in an opening of 
a resist pattern, it is desirable to use an electrolytic plating method using a power feeding film 
for electrolytic plating layer formation. 

[0012]Metallic wiring formed using a formation method of metallic wiring in above this inventions, 
A power feeding film which consists of material which was formed on a substrate, and in which 
reactive ion etching is possible, It is the metallic wiring which has a power feeding film formed 
between an electrolytic plating layer formed on a power feeding film, and a power feeding film 
and an electrolytic plating layer, and an adhesion layer which improves the adhesion of an 
electrolytic plating layer, A power feeding film uses one sort or two sorts or more of simple 
substances, or these alloys as the main ingredients among Mo, W, and Pt. 
[0013] 

[Embodiment of the Invention]Hereafter, the formation method of the metallic wiring which is an 



example of this invention is explained based on drawing 1 (a) - (f). Drawing 1 (a) - (f) is section 
process drawing showing the formation method of the metallic wiring of this invention. 
[0014]First, the power feeding film 2 which consists of a W thin film is formed on the alumina 
substrate 1. It forms in about 100 nm of thickness all over the substrate 1 top, using sputtering 
process etc. in formation of the power feeding film 2 ( dr awing 1 (a)). The power feeding film 2 is 
good also as a multilayer film which was not restricted to the monolayer of W but formed a glue 
line and a diffusion prevention layer with the substrate 1 in the lower layer of W thin film. As for 
the thickness of the above power feeding films 2, it is desirable that they are 5 nm - 1000 nm. 
The power feeding film 2 turns into a power feeding film of the adhesion layer formed by an 
electrolytic plating method in a next process, and an electrolytic plating layer. Then, 
photolithography technology is used on the power feeding film 2, and a line/space forms the 
resist pattern 3 whose thickness is 6 micrometers in 5 micrometers ( drawi ng 1 (b)). 
[0015]Next, the substrate 1 is immersed in a nickel-plating bath, it energizes to the power 
feeding film 2, and the adhesion layer 4 which becomes an opening of the resist pattern 3 from 
Ni membrane is formed in about 100-nm thickness (drawing 1 (c)). Since W and adhesion of 
nickel are good, it can stabilize and deposit the electrolytic plating layer formed continuously on 
the power feeding film 2 by forming the adhesion layer 4 which consists of Ni membrane on the 
power feeding film 2 which consists of a W thin film. That is, the adhesion of the power feeding 
film 2 and an electrolytic plating layer can be improved. After formation of the resist pattern 3, 
since the adhesion layer 4 is formed in the opening, the adhesion layer 4 can be selectively 
formed only in the portion which forms the electrolytic plating layer on the power feeding film 2. 
Pure water washes a substrate after formation of the adhesion layer 4. 

[0016]It continues, the substrate 1 is immersed in Au plating bath, it energizes to the power 
feeding film 2, and the Au electrolytic plating layer 5 is deposited in the opening 6 of the resist 
pattern 3 at about 5000-nm thickness (drawing 1 (d)). As for the sum total of the thickness of 
the power feeding film 2, the adhesion layer 4, and the electrolytic plating layer 5, i.e., the 
thickness of metallic wiring, it is desirable that they are 100 nm - 10000 nm. Although W is a 
material which is hard to deposit an electrolytic plating layer, since the adhesion layer 4 which 
consists of Ni membrane in the above-mentioned process is formed on the power feeding film 2 
which consists of a W thin film, the Au electrolytic plating layer 5 can be easily deposited on the 
power feeding film 2. A substrate is washed and dried with pure water after formation of the Au 
electrolytic plating layer 5. 

[0017]Next, after immersing the substrate 1 in resist removing liquid and removing the resist 
pattern 3, it is made to wash and dry with pure water ( drawing 1 (e)). By using the reactive ion 
etching system of a parallel plate, and finally, carrying out etching removal of the garbage of the 
power feeding film 2 using CF 4 plasma by using the Au electrolytic plating layer 5 as a mask, The 

metallic wiring the line / whose space which has a laminated structure of Au/nickel/W are 5 
micrometers is completed ( drawing 1 (f)). 

[001 8]Thus, in order to remove the garbage of the power feeding film 2 using reactive ion 
etching, even if it performs over etching of the power feeding film 2 like [ in the case of using 
wet etching ], it is hard to produce ANDAKATTO in metallic wiring. By CF 4 gas, since the 

alumina substrate 1 used by this example hardly receives chemical injury, it can remove the 
garbage of the power feeding film 2 thoroughly by sufficient over etching processing. What is 
necessary is for the material of the substrate 1 to be hard to be etched by the etching gas to be 
used, and just to be able to choose it suitably according to the kind of etching gas. 
[0019]Since the Au electrolytic plating layer 5 used by this example is not etched by reactive ion 
etching which used CF 4 gas, it can etch only the power feeding film 2 selectively. 

[0020]The adhesion layer 4 is not formed all over the power feeding film 2 top, and is selectively 
formed only in the lower part of the Au electrolytic plating layer 5. When an adhesion layer is 
formed all over a power feeding film top, before etching the garbage of a power feeding film, it is 
necessary to etch the adhesion layer on it but, and. In this invention, as shown in drawin g 1 (e), 
since the garbage of the power feeding film 2 which should be etched after removal of the resist 
pattern 3 will be exposed, it does not need to etch the adhesion layer 4 before etching of the 



power feeding film 2, and becomes easy [ a process ]. 

[0021]By the above processes, the line/space beyond the minuteness making limit of the 
conventional semiadditive process were able to realize metallic wiring which is 5 micrometers. 
[0022]Although the above example showed the case where the metallic wiring which has a 
laminated structure of Au/nickel/W was formed, This invention can be applied also when forming 
the metallic wiring which has the laminated structure of Au/Cr/Mo which was not restricted to 
such materials but used Au as Cr and an electrolytic plating layer material as Mo and an 
adhesion layer material as a power feeding film material. Like said example also in this case, 
although Mo which is a power feeding film is a material which is hard to deposit an electrolytic 
plating layer, Since the adhesion layer which consists of Cr with good Mo and adhesion is formed 
on Mo power feeding film, on Mo power feeding film, Au electrolytic plating layer can be 
deposited easily, and the adhesion of Mo power feeding film and Au electrolytic plating layer can 
be improved. 

[0023]Power feeding film material is not restricted to W or Mo which were mentioned as the 
above example, but Cl 2 , BCI 3 , SiCI 4 , CCI 4 , CCIF3, CCI 2 F 2 , CCI3F, CHCIF 2 , CHCI 2 F, CHCI3, 

CH 2 CI 2 , CH 4 , CHF3, CH 2 F 2 , C 2 F 6 , C 3 Fg, C 4 F g , That by which reactive ion etching is carried out 

with the etching gas containing at least one or more gases chosen from among CBrF 3 , CBr 2 F 2 , 

Fo. and NF. can be used. Like W etc., although the adhesion with an electrolytic plating layer is 

very bad, specifically, depositing an electrolytic plating layer can use possible Pt etc. as a power 
feeding film material. 

[0024]An electrolytic plating layer is not restricted to the electrolytic plating layer of Au used in 
the above-mentioned example, but can also use the electrolytic plating layer which uses Cu, Pd, 
Pt, etc. as the main ingredients. When reactive ion etching removes the garbage of a power 
feeding film and it is what is not etched by the etching gas which the material of an electrolytic 
plating layer uses, only a power feeding film can be etched selectively. On the other hand, since 
it is [ thickness of an electrolytic plating layer ] very large compared with the thickness of a 
power feeding film, even if are etched by the etching gas which the material of an electrolytic 
plating layer uses, and a part of surface of an electrolytic plating layer is etched simultaneously 
with etching of a power feeding film, there is no big influence. 

[0025]Although the photoresist formed using photolithography technology was used for the 
resist pattern in the above-mentioned example, it is not restricted to this but an electron beam 
resist etc. may be used. Other organic materials and inorganic materials which can be patterned 
can also be used. 
[0026] 

[Effect of the Invention]In order to use reactive ion etching as mentioned above instead of 
removing the garbage of a power feeding film by wet etching in the formation method of the 
metallic wiring using the conventional semiadditive process according to this invention, Even if it 
performed over etching of the power feeding film, it was hard to produce ANDAKATTO in 
metallic wiring, and the line/space beyond the minuteness making limit of the conventional 
semiadditive process were able to realize metallic wiring which is 5 micrometers. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 ] Drawin g 1 (a) - (f) is section process drawing showing the formation method of the 
metallic wiring of this invention. 

[Drawing 2]Drawing 2 (a) - (e) is section process drawing showing the formation method of the 
conventional metallic wiring. 
[Description of Notations] 

1 and 1 1 Substrate 

2 and 12 Power feeding film 

3 and 1 3 Resist pattern 

4 Adhesion layer 

5, 1 5 electrolytic plating layers 
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